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Abstract
Objective. To assess the interobserver reliability between sonographers with different levels of experience
in detecting inflammatory and structural damage abnormalities in patients with knee OA.
Methods. After achieving consensus on definitions and scanning protocols, three ultrasonographers with
different levels of experience in musculoskeletal US examined the knees of nine patients with OA. US
examinations were conducted with independent blinded evaluations of inflammatory (joint effusion,
synovial hypertrophy, power Doppler signal, Baker’s cysts) and structural (osteophytes, cortical bone
irregularities, femoral hyaline cartilage abnormalities, protrusion of the medial meniscus) lesions. All
abnormalities were scored by applying a dichotomous scale (01). In addition, at each knee joint site
global scores for joint inflammation, cortical bone abnormalities and cartilage damage were calculated by
summing the single-lesion scores. Reliability was assessed using kappa (k) coefficients.
Results. Seventeen knees were examined. Inflammatory abnormalities were observed with moderate to
very good agreement (k= 0.550.88) between the observers. From fair to very good agreement
(k= 0.310.82) was registered between sonographers for structural damage lesions. The overall k was
0.716 for junior and 0.571 for beginner sonographers comparing their findings with those of senior
sonographers.
Conclusion. This represents the first ultrasonographic study focusing on the analysis of interobserver
reliability between sonographers with different levels of experience in demonstrating inflammatory and
structural abnormalities in knee OA. Globally, even considering some variable results that were mainly
obtained by the evaluation of single components of bone involvement, US offered a reliable assessment of
a wide set of abnormalities in knee OA.
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Introduction
OA is a common rheumatic disease of the joints, which
affects primarily older people (70% older than 65 years)
[1]. Both small and large joints can be involved and the
knee is a prime site of involvement. The pathological char-
acteristics of the disease consist of predominant cartilage
damage with concomitant bone abnormalities and inflam-
matory processes within the synovium. Over time OA
causes a loss of joint function, causing disability and
worsening quality of life [26]. Imaging techniques have
a fundamental role in the assessment of OA.
Conventional radiography (CR) is the traditional tool for
imaging the osteoarthritic joint and has been demon-
strated to be readily available, inexpensive and reliable
[710]. However, it gives only a two-dimensional image
of a tridimensional joint site, it cannot detect inflammation
and soft-tissue abnormalities and it exposes patients to
ionizing radiation [11].
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Musculoskeletal US is an imaging tool with an increas-
ing role in the assessment of OA [12, 13]. It has been
demonstrated to show findings related to both inflamma-
tion and structural damage [1, 2, 47, 1419]. In addition,
it is characterized by a wide set of advantages over other
imaging modalities, being safe, easily accessible, rela-
tively cheap, not invasive and lacking any contraindica-
tions [20]. Moreover, Doppler modalities are able to
differentiate active and inactive inflammation within
joints and periarticular soft tissues. However, a limitation
to its widespread use consists of the common perception
in the medical community that it is a highly operator-
dependent technique [2123]. This is related to various
aspects that may influence the skill of the sonographer,
including operator experience in the phases of image
acquisition and interpretation, knowledge of anatomical
details and ability to exploit all the functions of the equip-
ment. Variable intra- and interobserver reliability of US has
been reported in the literature in recent years and has
been assessed mainly in inflammatory arthritis [2325].
However, the different influencing factors have not been
adequately addressed thus far, and only limited focus has
been developed in OA.
The aim of the present study was to assess the
interobserver reliability between sonographers with differ-
ent levels of experience in detecting inflammatory and
structural damage abnormalities in patients with knee
OA. As secondary objectives, we aimed to assess the
relationship of US parameters to clinical and radiographic
parameters.
Methods
Patients
Consecutive patients with knee OA, fulfilling the American
College of Rheumatology (ACR) classification criteria for
knee OA [26], were recruited from the rheumatology out-
patient clinic of the Dipartimento di Medicina Interna e
Specialita` Mediche, Sapienza Universita` di Roma, Rome,
Italy. Inclusion criteria were age >18 years, primary knee
OA and symptoms >6 months. Exclusion criteria were the
presence of any other rheumatic diseases, history of
trauma or knee surgery, intra-articular corticosteroid or
hyaluronic acid injections in the previous 6 months.
Patients underwent clinical examination and power
Doppler (PD) US assessment of both knees on the same
day. This study was conducted in compliance with good
clinical practice. Ethics committee approval was obtained
from the Ethics Committee of the Policlinico Umberto I 
Sapienza Universita` di Roma, Rome, Italy, and patients
gave written informed consent.
Clinical assessment
Demographic and clinical data were recorded using stan-
dardized forms by an expert rheumatologist who took the
clinical history and performed the physical examination.
Age, sex, disease duration, BMI and therapy assump-
tion during the last 4 weeks were recorded. Patient’s pain
and severity were assessed with a visual analogue scale
(VAS) of 0100 mm, and the WOMAC index was used [27].
Concerning the presence of pain and stiffness, we applied
the WOMAC scale separately to the right and left knee.
Physical examination included the evaluation of effusion
that was scored with a four-point scale. Standard CR was
performed in all patients; OA severity was classified ac-
cording to the Kellgren and Lawrence (KL) radiological
score [28].
US assessment
Before patient enrolment, US examination methodology
was clarified among sonographers, and a consensus
was obtained on scanning protocol and image interpret-
ation. The sonographers were three separate operators,
with different levels of experience in musculoskeletal US.
The senior, the junior and the beginner had a history of 24
years, 5 years and 3 months, respectively, of active scan-
ning. Before the reliability study the senior ultrasonog-
rapher had performed more than 10 000 US
examinations of the knee; the junior more than 3000 and
the beginner 60. Moreover, the beginner, during her train-
ing period, was supervised by an expert (the senior).
The backgrounds of the junior and the beginner ultrason-
ographers were similar, both having been trained by the
senior ultrasonographer. All the operators performed the
US examinations independently on the same day in each
patient and registered their findings, being unaware of the
other operators’ results and of clinical data.
In all cases the examination was performed using a
MyLab70 XVG (Esaote Biomedica, Genoa, Italy) machine
equipped with a linear multifrequency (413 MHz) trans-
ducer, operating at a frequency of 13 MHz; in addition, PD
modality was applied (PRF 750 Hz, gain 50%, frequency
6.3 MHz). The same settings were used in all cases. At the
beginning of each scanning session focus was positioned
at the level of the region of interest. Colour gain was ad-
justed below the degree that caused the appearance of
noise artefacts [29].
US scans were carried out following a protocol based
on European League Against Rheumatism (EULAR) guide-
lines for musculoskeletal ultrasonography [30]. After
having applied gel to the skin to provide an acoustic inter-
face, US examinations were started, paying attention to
not applying probe pressure on the anatomical structures
under examination. During the same scanning session, US
was initially performed in B-mode modality with the aim of
detecting morphological changes and immediately
afterwards using PD technique searching for synovial
abnormal vascularization.
Basic lesions related both to inflammation and struc-
tural damage were assessed according to international
definitions [3132] as follows: joint effusion (JE), synovial
hypertrophy (SH), pathological hypervascularization at
PD, Baker’s cyst (BC), osteophytes, cortical bone irregu-
larities, femoral hyaline cartilage abnormalities and protru-
sion of the medial meniscus. All abnormalities were
scored according to a dichotomous scale (0-1). Patients
were examined in the supine position with the knee flexed
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at 30. US assessment of the femoral hyaline cartilage
was performed with the knee flexed at 120.
In addition, global scores for joint inflammation, cortical
bone abnormalities and cartilage damage were calcu-
lated. At each knee joint site, the inflammatory score
was obtained as the sum of JE, SH, PD and BC scores
(total 08); the bone damage score was calculated as the
sum of medial and lateral osteophytes and bone irregular-
ity scores (total 08); the cartilage damage score was
obtained as the sum of loss of anechoic structure, loss
of sharpness of at least one margin, irregularity of at least
one margin and thinning of the layer scores (total 08).
Statistical analysis
Statistical analysis was accomplished using Statistical
Package for Social Sciences 13.0 (SPSS 13.0). The results
of each operator were reported as absolute numbers and
percentages; the mean value (±S.D.) was also calculated.
The junior’s and the beginner’s results were compared
with those obtained by the senior and interobserver reli-
ability using standard Cohen’s kappa (k) coefficients [33].
K values for each abnormality were calculated and were
considered representative of specific agreement levels.
K coefficients were interpreted according to Landis and
Koch (<0 absence of agreement, 0.10.20 slight,
0.210.40 fair, 0.410.60 moderate, 0.610.80 good and
0.811 almost perfect agreement) [34]. We used
Wilcoxon’s test and t-test to obtain the difference
among median and mean values, respectively, of quanti-
tative variables. The correlation between clinical, radio-
graphic and ultrasonographic data was calculated with
Spearman’s test. Two-tailed P40.05 was considered
significant.
Results
Demographic, clinical and radiographic characteristics of
patients included in the study as well as the concomitant
therapy are reported in Table 1. No significant differences
for clinically detected features were found between the
right and left knees.
A total of 17 knees from nine patients were examined. In
one patient, only one knee was examined, due to previous
arthroprosthesis operation. Only two patients reported
knee pain at the time of the examination: one at both the
medial and lateral femorotibial aspects of the right knee,
the other at the lateral femorotibial portion of the right knee.
When the patients were studied by applying VAS pain,
VAS severity (patient’s and physician’s), WOMAC pain,
WOMAC stiffness and WOMAC physical function, there
were no differences between right and left knees. Four
patients reported morning stiffness that had a duration
of no longer than 15 min. Clinically detected knee JE
was present in two patients. Three patients were receiving
treatment consisting of NSAIDs (two patients) or chondro-
protective agents (one subject). The radiological severity
by applying the KL score was similar between right and
left knees.
The prevalence of US-detected abnormalities is
reported in Table 2. Considering the results of the senior
sonographers as the reference data, findings related to
both inflammation and structural damage were detected.
A high prevalence of abnormalities was registered at both
right and left knees, JE being the most frequent inflamma-
tory finding (5066.67%), followed by SH (2555.50%) BC
(37.544.44%) and PD signal (011.11%). Structural
abnormalities also showed a high prevalence, with evi-
dence of cartilage lesions in 50%100% of cases, bone
abnormalities in 55.5688.89% and, finally, meniscal ex-
trusion in 37.5%55.56%. The US findings on the total of
the knees and the interobserver reliability results (senior vs
junior and senior vs beginner k values) are reported in
Table 3.
Inflammatory abnormalities were observed with moder-
ate to very good agreement (k= 0.550.88) between the
TABLE 1 Demographic, clinical and radiographic features
of patients and concomitant therapy
Demographic and
clinical features
(patients n=9) Mean (S.D.) Pa
Sex 6 F (75%); 2 M (25%)
Age, years 61.33 (7.35)
Disease duration,
months
82.00 (93.43)
Weight, kg 71.00 (8.21)
Height, cm 161.63 (6.41)
BMI, kg/cm2 27.50 (4.31)
VAS pain (0100 mm)
Right 38.89 (27.13) 0.2676
Left 40.63 (26.25)
VAS severity (patient)
(0100 mm)
Right 41.11 (21.47) 0.2021
Left 48.75 (18.85)
VAS severity (physician)
(0100 mm)
Right 34.44 (20.68) 0.0579
Left 46.25 (22.00)
WOMAC pain
Right 0.71 (0.93) 0.2476
Left 1.03 (1.14)
WOMAC stiffness
Right 0.22 (0.67) 0.25
Left 0.69 (1.03)
WOMAC physical
function
Right 0.75 (0.79) 0.1755
Left 0.99 (0.82)
Knee joint effusion
(clinically evaluated)
2 pts (22.2%)
Concomitant therapy Aceclofenac 1 pt
Diclofenac 1 pt
Galactosamineglucuro-
noglycan sulphate
800 mg daily 1 pt
KL knee score (04)
Right 2.22 (0.83) 1.0
Left 2.25 (0.89)
aWilcoxon’s matched paired test.
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observers. Due to the very low prevalence of PD signal
(only one observation by the senior investigator), the data
are not conclusive for this finding and may generate an
unbalanced marginal total on calculation (paradox of the
low k and good agreement). Fair to very good agreement
(k= 0.310.82) was registered between sonographers for
structural damage lesions. Due to the constant findings
(100%) of medial osteophytosis and medial bone irregula-
rities, data were considered inconclusive concerning
the agreement between sonographers.
Overall k was 0.716 for the junior and 0.571 for the
beginner sonographer comparing their findings with
those of the senior sonographer. Concerning the inflam-
matory score, an excellent agreement (k= 0.81) was regis-
tered between the junior’s and senior’s findings, and a
substantial agreement (k= 0.699) between the beginner’s
and senior’s findings. Concerning the bone structural
damage score, the junior’s and the beginner’s findings
showed, respectively, moderate (k= 0.479) and fair
(k= 0.247) agreement when compared with the senior’s
findings. Regarding the cartilage damage score, the jun-
ior’s findings showed good agreement (k= 0.634) when
compared with the results of the senior, while the begin-
ner’s findings demonstrated moderate agreement
(k= 0.495). Representative sonographic images of US
findings evaluated by the ultrasonographers are shown
in Figure 1.
Clinical correlations
WOMAC pain positively correlated with patient weight
(r= 0.813, P= 0.014) as well as with the BMI (r= 0.740,
P= 0.036). VAS severity assessed by the physician corre-
lated with WOMAC (WOMAC pain, WOMAC stiffness and
WOMAC physical function: r= 0.705, P= 0.002; r= 0.656,
P= 0.004; r= 0.689, P= 0.002, respectively).
Correlation between clinical features and sonographic
findings
VAS pain positively correlated with the overall cartilage
damage assessed by the senior (r= 0.528, P= 0.028),
and by the junior investigators (r= 0.639, P= 0.008). The
patient VAS severity correlated with the global inflamma-
tory findings assessed by the senior sonographer
(r= 0.557, P= 0.025) and the physician VAS severity
correlated with global cartilage damage (r= 0.557,
P= 0.025). The pain VAS correlated with the KL score
(r= 0.609, P= 0.012).
TABLE 2 Sonographic findings of left and right knees obtained by the senior, junior and beginner ultrasonographers
(number and percentage of positive cases for each abnormality)
US findings
Senior
ultrasonographer
Junior
ultrasonographer
Beginner
ultrasonographer
N (%) N (%) N (%)
Right knee (n= 9)
Joint effusion 6 (66.67) 6 (66.67) 6 (66.67)
Synovial hypertrophy 5 (55.56) 3 (33.33) 6 (66.67)
Power Doppler signal 1 (11.11) 0 (0) 1 (11.11)
BC 4 (44.44) 3 (33.33) 4 (44.44)
Medial meniscal extrusion 5 (55.56) 6 (66.67) 6 (66.67)
Medial osteophytes 8 (88.89) 9 (100) 8 (88.89)
Lateral osteophytes 7 (77.78) 8 (88.89) 8 (88.89)
Bone irregularities medial 5 (55.56 8 (88.89) 9 (100)
Bone irregularities lateral 8 (88.89) 9 (100) 8 (88.89)
Cartilage: thinning of the layer 7 (77.78) 7 (77.78) 8 (88.89)
Cartilage: loss of anechoic structure 9 (100) 9 (100) 8 (88.89)
Cartilage: irregularity of the superficial margin 9 (100) 8 (88.89) 8 (88.89)
Cartilage: loss of sharpness of at least one margin 9 (100) 8 (88.89) 8 (88.89)
Left knee (n= 8)
Joint effusion 4 (50) 4 (50) 5 (62.5)
Synovial hypertrophy 2 (25) 2 (25) 5 (62.5)
Power Doppler signal 0 (0) 0 (0) 0 (0)
BC 3 (37.5) 3 (37.5) 4 (50)
Medial meniscal extrusion 3 (37.5) 4 (50) 6 (75)
Medial osteophytes 7 (87.5) 8 (100) 8 (100)
Lateral osteophytes 6 (75) 8 (100) 6 (75)
Bone irregularities medial 6 (75) 7 (87.5) 8 (100)
Bone irregularities lateral 6 (75) 7 (87.5) 6 (75)
Cartilage: thinning of the layer 4 (50) 7 (87.5) 6 (75)
Cartilage: loss of anechoic structure 6 (75) 7 (87.5) 7 (87.5)
Cartilage: irregularity of the superficial margin 6 (75) 5 (62.5) 7 (87.5)
Cartilage: loss of sharpness of at least one margin 6 (75) 6 (75) 7 (87.5)
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Correlation between radiographic and sonographic
findings
The KL score correlated with global structural damage
assessed by the senior ultrasonographer (r= 0.523,
P= 0.038) and by the junior sonographer (r= 0.625,
P= 0.01). Finally, the KL score correlated with the cartilage
damage assessed by the senior operator (r= 0.525,
P= 0.037).
Discussion
As far as we know, this represents the first ultrasono-
graphic study focusing on the analysis of interobserver
reliability between sonographers with different levels of
experience in demonstrating inflammatory and structural
abnormalities in knee OA. Globally, even considering
variability in the results that were mainly obtained by the
evaluation of single components of bone involvement, US
offered a reliable assessment of a wide set of abnormal-
ities in knee OA.
In particular, satisfactory results were obtained in the
detection of inflammatory findings both between the
senior and junior and between the senior and beginner
ultrasonographers. Considering the general perception
that sonography is a highly operator-dependent technique
that also requires a long learning curve and great skill,
TABLE 3 Global sonographic findings for the 17 joints
US findings
(n=17)
Senior
ultrasonographer
Junior
ultrasonographer
Beginner
ultrasonographer
Senior vs
junior
Senior vs
beginner
N (%) N (%) N (%) i Agreement i Agreement
Joint effusion 10 (58.82) 10 (58.82) 11 (64.71) 0.757 Good 0.628 Good
Synovial hypertrophy 7 (41.18) 5 (29.41) 11 (64.71) 0.746 Good 0.553 Moderate
Power Doppler signal 1 (5.88) 0 (0) 1 (5.88) __a __a __a
BC 7 (41.18) 6 (35.29) 8 (47.06) 0.876 Very good 0.881 Very good
Medial meniscal
extrusion
8 (47.06) 10 (58.82) 12 (70.59) 0.767 Good 0.311 Fair
Medial osteophytosis 15 (88.24) 17 (100) 16 (94.12) __b __b 0.85 Poor
Lateral osteophytosis 13 (76.47) 16 (94.12) 14 (82.35) 0.338 Fair 0.821 Very good
Medial bone
irregularities
11 (64.71) 15 (88.24) 17 (100) 0.89 Very good __b __b
Lateral bone
irregularities
14 (82.35) 16 (94.12) 14 (82.35) 0.452 Moderate 0.214 Poor
Cartilage
Thinning of the layer 11 (64.71) 14 (82.35) 14 (82.35) 0.564 Moderate 0.564 Moderate
Loss of anechoic
structure
15 (88.24) 16 (94.12) 15 (88.24) 0.638 Good 0.433 Moderate
Irregularity of the
superficial margin
15 (88.24) 13 (76.47) 15 (88.24) 0.605 Good 0.433 Moderate
Loss of margin
sharpness
15 (88.24) 14 (82.35) 15 (88.24) 0.767 Good 0.433 Moderate
Number and percentage of the single abnormalities detected by the senior, junior and beginner operators. Inter-observer
reliability considering the senior’s findings as the reference data, k values and agreement. aThe low prevalence of the lesions
created unbalanced marginal totals on calculation (paradox of the low k and high agreement). bAgreement cannot be calcu-
lated as one of the findings is a constant.
FIG. 1 Knee US in a patient with OA. Evidence of synovial hypertrophy and joint effusion (a), osteophytes over the medial
aspect of the femorotibial joint (b) and irregularities of the margins, loss of anechoic structure and thinning of the cartilage
layer (c).
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these findings appear significantly encouraging and
represent a relevant step in support of widespread
application of US.
However, analysis of structural abnormalities showed
variable results. These findings were evident particularly
for the assessment of bone lesions, which demonstrated
fair to very good agreement between sonographers. More
satisfactory results were obtained for the detection of car-
tilage abnormalities, which showed moderate to good
levels of agreement both between the senior and junior
and between the senior and beginner operators. These
variable results are probably due to persistent difficulties
in the depiction and interpretation of bone lesions by US,
even after the obtained consensus for scanning technique
and image interpretation.
Today, US has acquired increasing importance and
widespread use in the assessment of rheumatic diseases,
particularly in the evaluation of joint involvement in OA
patients [35]. However, its widespread use is still limited
by the general belief that it is an operator-dependent tech-
nique. This conviction often makes its use in routine clin-
ical practice as well as in clinical trials difficult. The belief
that US needs a long learning curve and a long period of
training accounts for the hesitant approach to this imaging
tool by a number of rheumatologists. However, the nu-
merous advantages of US over other imaging modalities
(i.e. its lower costs, its safety and its widespread avail-
ability) make its use advisable for the assessment of vari-
ous lesions in knee OA. In addition, our findings support
the widespread use of US in clinical practice, showing that
this imaging tool is a reliable modality that requires neither
particular skill nor a long apprenticeship. Moreover, US
offers the opportunity to assess certain individual aspects
of OA pathology that contribute to the global knee joint
involvement.
Our results are in agreement with those obtained by
previous studies in inflammatory arthritis that investigated
the reliability among differently experienced sonographers
[36, 37] in analysing different aspects of a wide set of
abnormalities in tenosynovitis and arthritis and demon-
strated, similarly to our study, variable agreement that
ranged from moderate to good.
Concerning correlations between clinical abnormalities,
our findings highlighted that weight and BMI correlate with
pain (as measured by WOMAC). In addition, the correl-
ations between the US signs of inflammatory/structural
lesions and the clinical/radiographic indices of disease
may be interpreted as a greater adherence of US experi-
ence to the clinical findings.
In conclusion, the present study demonstrates that US
is a reliable tool for assessing different abnormalities in
patients with knee OA, even when the exam is performed
by operators with limited experience. The variable results
obtained by the sonographic analysis of single compo-
nents of bone involvement may be improved by the
application of strict definitions and the standardization of
US scanning techniques. In addition, these results repre-
sent a starting point for further sonographic studies on in-
flammatory and structural damage lesions in knee OA.
Rheumatology key messages
. US is a reliable tool for detecting inflammatory and
structural abnormalities in knee OA.
. US offers a reliable assessment of a wide set of
abnormalities in knee OA.
. Knee US in OA can be reliably performed even by
operators with limited experience.
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